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We derived a stable cell line from Chinese hamster embryonic ﬁbroblasts by transduction of four mouse tran-
scription factors (M3O Sox2 Klf4, , , a n d n-Myc) using a lentiviral vector. The cell line possess all the characteristics
of an induced pluripotent stem cell (iPSC) line. Given that Chinese hamster ovary (CHO) cells are the predomi-
nant host cells used for therapeutic protein production and no pluripotent stem cell line or other normal cell
line has been isolated from Chinese hamster, this iPSC line may serve as a useful tool for research using CHO
cells or even be used for deriving new cell lines.
© 2017 The A ut hor s. P ubl is he d by E ls evi er B .V . T hi s is a n o pe n ac ce ss a rti cle und er t he C C BY -N C- ND l ic en se
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Resource ut ility
The work re port ed her e can be app lied to produc ing ge netic ally
modiﬁed Chinese hamster or offer a template for establishing Chinese
hamster ESCs. The cell line can serve as the normal diploid cell reference
for exploring genome engineering of CHO cells, and has an immediate
impact on biomanufacturing of therapeutic proteins.
Resource de tails
R e c o m b i n a n t  c e l l  l i n e s  d e r i v e d  f r o m  C H O  c e l l s  a r e  u s e d  f o r  t h e
p r o d u c t i o n  o f  t h e  m a j o r i t y  o f t h e r a p e u t i c  p r o t e i n s ,  i n c l u d i n g
m o n o c l o n a l  a n t i b o d i e s ,  e r y t h r o p o i e t i n ,  F a c t o r  V I I I .  I n  s p i t e  o f
t h e i r  i n d u s t r i a l  a n d  s c i e n t iﬁc  i m p o r t a n c e ,  n o  C h i n e s e  h a m s t e r  i n -
d u c e d  p l u r i p o t e n t  s t e m  c e l l s  ( C H i P S C s )  h a v e  b e e n  e s t a b l i s h e d .
S i n c e  n o  C h i n e s e  h a m s t e r  e m b r y o n i c  s t e m  c e l l  ( E S C )  l i n e  h a s
b e e n  i s o l a t e d ,  t h e  c u l t u r e  c o n d i t i o n s  f o r  m a i n t a i n i n g  p l u r i p o t e n t
s t a t e  a r e  n o t  k n o w n .
C h i n e s e  h a m s t e r  e m b r y o n i c  ﬁb r o b l a s t s  ( C H E F s )  ( F i g .  1 A )  w e r e
t r a n s d u c e d  w i t h  t h e  l e n t i v i r a l  v e c t o r  c o c k t a i l  o f  t h e  m o u s e  t r a n -
s c r i p t i o n  f a c t o r s  M 3 O  ( H i r a i  e t  a l . ,  2 0 1 1 ) ,  S o x 2 ,  K l f 4 ,  a n d  n - M y c
( S K M ) .  C o l o n i e s  w i t h  a n  E S C - l i k e  m o r p h o l o g y  ﬁrs t  b e c a m e  v i s i b l e
a r o u n d  6  d a y s  a f t e r  t r a n s d u c t i o n .  B e t w e e n  1 0 0  a n d  2 0 0  c o l o n i e s
e m e r g e d  e v e n t u a l l y  f r o m  1 0 5 c e l l s  p l a t e d  i n  a  w e l l .  T h e  i s o l a t e d
E S C - l i k e  c e l l s  ( C H i P S C s - B )  w e r e  s i m i l a r  t o  m o u s e  E S C s  i n  m o r p h o l o -
g y  a t  t h e  i n d i v i d u a l  c e l l  a s  w e l l  a s  t h e  c o l o n y  l e v e l .  T h e y  h a d  s m o o t h ,
r e f r a c t i l e  d eﬁn e d  c o l on y  b o r d e r s  a n d  a  c o m p a c t  in t e r n a l  a r c h i t e c -
t u r e  c o m p r i s e d  o f  s m a l l ,  t i g h t l y  pa c k e d  r o u n d  c e l l s  ( F i g .  1 B ) .
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Name of stem cell line CHiPSC-B
Institution University of Minnesota
Contact information of distributor Wei-Shou Hu, acre@umn.edu
Type of cell line Inducible pluripoten stem (iPS) cell
Origin Chinese hamster ( )Cricetulus griseus
Cell Source Chinese hamster embryonic broblastsﬁ
Method of reprogramming Lentivirus
Name of transgene or resistance M 3 O, Sox2, Klf4, n-Myc
Inducible/constitutive system CMV promoter, pLOVE system
Date archived/stock date 2014 2015–
Resource table
http://dx.doi.org/10.1016/j.scr.2017.04.010
1873-5061/© 2017 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Contents lists available at ScienceDirect
Stem Cell Research
j o u r n a l  h o m e p a g e :  w w w . e l s e v i e r . c o m / l o c a t e / s c r
Page 1 of 5Generation of induced pluripotent stem cells from Chinese hamster embryonic fibrobl...
30/12/2017https://reader.elsevier.com/reader/sd/4D6389CE431FEB3C74A53E71A65065093426...
Fig. 1. Characterization of Chinese hamster-induced pluripotent stem cells (CHiPSCs) generated by lentiviral vector transduction. (A) Chinese hamster embryonic ﬁbroblasts (CHEF). (B)
Emergence of colonies. (C) Nanog-promopter GFP lentivirus infected cells of clone B. (D) AP staining of a colony from clone B. (E) Immunostaining of clone B for SSEA-1 and DAPI. Scale bar:
100 µm for A, B, and C; 25 µm for D; 50 µm for E. (F) Quantitative reverse transcription-PCR analyses of endogenous pluripotent marker transcripts in CHiPSCs-B. Data represented as mean
± SEM. p b 0.001. Cg in the label denotes that probes for the endogenous (Chinese hamster) gene were used. (G) Bisulﬁte genomic sequencing of the promoter region of Oct4. The open
and closed circles represent a CpG site, representing unmethylated and methylated status respectively. (H) The CHiPSCs-B showed a normal 22,XY karyotype. (I) EB formed by CHiPSCs-B
and the EB spreading on matrigel 7 days after plating for differentiation preceded by another 7 days of EB formation (Scale bar: 250 µm). qRT-PCR analyse s of tr ansc ri pts of d if fere nti ati on
markers of the three germ layers (Ncam1, Pax6, Brachyury (T), Msx1, Afp, Epcam and Sox17). Actin (Actb) transcript level was used as the reference. Data represented as mean ± SEM. *p b
0.05, **p b 0.01, ***p b 0.001. Histology of teratomas derived from CHiPSCs-B on (Ja) neurectodermal tissues comprised the majority of the teratoma and consisted of primitive neural
tissues characterized by formation of neural rosettes (arrows) and cords of small polyhedral cells (surrounding rosettes) typical of neural progenitors which were (Jb) positive for -3β
tubulin (dark brown, IHC stain). (Jc) Other regions showed more mature central nervous system-like structures. (Jd) Multiple sites of cartilage differentiation were present which
represent a mesenchymal lineage. (Je) Endodermal differentiation was demonstrated by the presence of tubular structures which were lined by cuboidal to columnar epithelial cells
(arrows) and which were (Jf) positive for wide-spectrum cytokeratins (wsCK). The epithelium also contained cells with clear vacuoles consistent with mucus-containing goblet cells
(arrow). Also noted was the absence of β-3 tubulin immunoreactivity in cells as seen in (Jb, arrow). Scale bar: 50 µm.
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( F i g .  1 C ) ,  a l k a l i ne  p h o s p h a t a s e  ( A P )  s t a i n i n g  ( F i g .  1 D )  a n d  s t a g e -
s p e c iﬁc  e m b r y o n i c  a n t i g e n  1  ( S S E A - 1 )  ( F i g .  1 E ) .  T h e  e x p r e s s i o n  o f
e n d o g e n o u s  P o u 5 f 1 ,  S o x 2 ,  K l f 4 ,  a n d  c - M y c  w e r e  e v i d e n t ,  a d d i t i o n a l l y ,
G d f 3 ,  T d g f 1  ( E S C  m a r k e r s ) ,  E s r r b ,  L i n 2 8 a ,  S a l l 4  ( t r a n s c r i p t i o n  f a c t o r s ) ,
D p p a 4 ,  F g f 4 ,  P o d x l 1  a n d  P o d x l 2  ( p l u r i p o t e n c y )  w e r e  a l l  u p - r e g u l a t e d
i n  C H i P S C s - B  c o m p a r e d  t o  C H E F s  ( F i g .  1 F ) .  T h e  r e s u l t s s h o w  t h a t  t h e
t r a n s c r i p t i o n  o f  e n d o g e n o u s  p l u r i p o t e n c y  g e n e s  w a s  t u r n e d - o n  b y
r e p r o g r a m m i n g .  A  f r a g m e n t  o f  P o u 5 f 1  f r o m  −2 0 0  t o  −6 2 6  n u c l e o -
t i d e s  f r o m  s t a r t  c o d o n  c o n t a i n i n g  1 5  C p G  s i t e s  w a s  i s o l a t e d  f r o m
C H i P S C s - B  a n d  C H E F s  f o r  b i s u lﬁt e s e q u e n c i n g .  T h e  f r a g m e n t  f r o m
C H i P S C s - B  w a s  h i g h l y  u n m e t h y l a t e d  ( 2 3 . 9 %  m e t h y l a t e d )  c o m p a r e d
t o  C H E F s  ( 4 7 . 5 %  m e t h y l a t e d )  ( F i g .  1 G ) .  K a r y o t y p e  c h a r a c t e r i s t i c s
s h o w e d  t h a t  t h e  C H i P S C s - B  h a d  a  n o r m a l  k a r y o t y p e  o f  2 2 , X Y  i n  c o m -
m o n  w i t h  t h e  C H E F s  ( F i g .  1 H )  ( K a t o  a n d  Y o s i d a ,  1 9 7 2 ) .  T o  e v a l u a t e
t h e  d i f f e r e n t i at i o n  c a p a b i l i t y ,  C H i P S C s - B  w as  a l l o w e d  t o  f o r m  e m -
b r y o  b o d i e d  ( E B s )  a n d  t o  d i f f e r e n t i a t e  s p o n t a n e o u s l y  b y  p l a t i n g
o n t o  m a t r i g e l - c o a t e d  c u l t u r e  d i s h e s .  T r a n s c r i p t  a n a l y s i s  s h o w e d
t h a t  t h e  E B s  e x p r e s s e d  m a r k e r  g e n e s  o f  a l l  t h r e e  g e r m  l a y e r s ,  i n c l u d -
i n g  N c a m 1  ( e c t o d e r m) ,  P a x 6  ( e c t o d e r m ) ,  B r a c h y u r y  ( m e s o d e r m ) ,
M s x 1  ( m e s o d e r m ) ,  E p c a m  ( e n d o d e r m ) ,  A f p  ( e n d o d e r m )  a n d  S o x 1 7
( e n d o d e r m )  ( F i g .  1 I ) .  W e  i n j e c t e d  C H i P S C s - B  i n t r a m u s c u l a r l y  i n t o
n o n - o b e s e  d i a b e t i c / s e v e r e  c o m b i n e d  i m m u n o d eﬁc i e n t  ( N O D / S C I D )
m i c e .  T h e  r e s u l t i n g  t u m o r  c o n t a i n e d v a r i o u s  t i s s u e s  c o r r e s p o n d i n g
t o  t h e  t h r e e  e m b r y o n i c  g e r m  l a y e r s  ( F i g .  1 J ) .  N e u r e c t o d e r m a l  t i s s u e s
c o m p r i s e d  t h e  m a j o r i t y  o f  t h e  t e r a t o m a  a n d  c o n s i s t e d  o f  p r i m i t i v e
n e u r a l  t i s s u e s  c h a r a c t e r i z e d  b y  f o r m a t i o n  o f  n e u r a l  r o s e t t e s  ( a r r o w s
i n  F i g .  1  J a )  a n d  c o r d s  o f  s m a l l  p o l y h e d r al  c e l l s  ( s u r r o u n d i n g  r o -
s e t t e s )  t y p i c a l  o f  n e u r a l  p r o g e n i t o r s  w h i c h  w e r e p o s i t i v e  f o r  β- 3  t u -
b u l i n  ( d a r k  b r o w n ,  I H C  s t a i n  i n  F i g .  1  J b ) .  O t h e r  r e g i o n s  s h o w e d  m o r e
m a t u r e  c e n t r a l  n e r v o u s  s y s t e m - l i k e  s t r u c t u r e s  ( F i g .  1  J c ) .  M u l t i p l e
s i t e s  o f  c a r t i l a g e  d i f f e r e n t i at i o n  w e r e  p r e s e n t  w h i c h  r e p r e s e n t  a
m e s e n c h y m a l  l i n e a g e  ( F i g .  1  J d ) . E n d o d e r m a l  d i f f e r e n t i a t i o n  w a s
d e m o n s t r a t e d  b y  t h e  p r e s e n c e  o f  t u b u l a r  s t r u c t u r e s  w h i c h  w e r e
l i n e d  b y  c u b o i d a l  t o  c o l u m n a r  e p i t h e l i a l  c e l ls  ( a r r o w s ,  F i g .  1  J e )
a n d  w h i c h  w e r e  p o s i t i v e  f o r  w i d e - s p e c t r u m  c y t o k e r a t i n s  ( w s C K ) .
T h e  e p i t h e l i u m  a l s o  c o n t a i n e d  c e l l s  w i t h c l e a r  v a c u o l e s  c o n s i s t e n t
w i t h  m u c u s - c o n t a i n i n g  g o b l e t  c e l l s  ( a r r ow  F i g .  1  J f ) . A l s o  n o t e d
w a s  t h e  a b s e n c e  o f  β- 3  t u b u l i n  i m m u n o r e a c t i v i t y  i n  c e l l s  (F i g .  1  J b ,
a r r o w ) .
Materials and methods
Cell culture
C H E F s  w e r e  c u l t u r e d  i n  4 5 %  E BS S  m e d i u m ,  4 5 %  R P M I  1 6 4 0  M e -
d i u m  ( L i f e  T e c h n o l o g i e s™)  s u p p l e m e n t e d  w i t h  1 0 %  f e t a l b o v i n e
seru m (F BS, H yclo ne) . HE K29 3 ce lls we re m ain tain ed i n Dulb ec co' s
m o d iﬁe d  e a g l e  m e d i u m ( D M E M ,  I n v i t r o g e n ) c o n t a i n i n g  1 0 %  F B S .
T h e  C H i P S C s  w e r e  m a i n t a i n e d  o n  f e e d e r  l a y e r s  o f i r r a d i a t e d  C F - 1
m o u s e  e m b r y o n i c  ﬁb r ob la s ts ( M EF s ) (E v a n s a n d  K a u f m a n ,  1 9 8 1 ) .
T h e  c e l l s  w e r e  c u l t u r e d  i n  K n o c k o u t  D M E M  ( G I B C O )  s u p p le m e n t e d
w i t h  2 0 %  K n o c k o u t  S e r u m  R e p l a c e r  ( K S R ,  G I B C O ) ,  a  m i x t u r e  o f
n o n - e s s e n t i a l  a m i n o  a c i d s  ( G I B C O ) ,  2  m M  L - g l u t a m i n e  ( G I B C O ) ,
1 0 0  u n i t / m L  p e n i c i l l i n ,  1 0 0  μg / m L  s t r e p t o m y c i n  ( C e l l g r o ) ,  0 . 1  m M
β- m e r c a p t o e t h a n o l  ( I n v i t r o g e n )  a n d  2 0 0 0  u n i t s / m L  E s g r o  ( L I F )
( C h e m i c o n ) .
Reprogramming
p L O V E  s e r i e s  l e n t i v i r a l  e x p r e s s i o n  v e c t o r s  ( P l a s m i d  # 1 5 9 5 0 ,
1 5 9 5 1 ,  1 5 9 5 3 ) ,  p a c k a gi n g  ( P l a s m i d  # 1 2 2 6 0 )  a n d  e n v e l o p e  e x p r es s -
i n g  ( P l a s m i d  # 1 2 2 5 9 )  v e c t o r s  w e r e  d i r e c t l y  u s e d  i n  t h i s  s t u d y .  T h e
f u l l - l e n g t h  m o u s e  O c t 4  ( P o u 5 f 1 ) cD N A fu se d w it h th e M 3 do m ai n
o f  m o u s e  M y o D  a t  t h e  a m i n o  t e r m i n u s  f r o m  p M X s - M 3 O - I P  v e c t o r
w a s  s u b c l o n e d  i n t o  t h e p L O V E - e m p t y  v e c t o r  ( P l a s m i d  # 1 5 9 4 8 )
for c ons tru ctio n of pLO VE-M 3 O. CH EF wa s the n in fec tion by le nt ivi-
r u s  o n  d a y  0 ,  a n d  r e p e a t e d  o n  d a y  1 ,  w i t h  1 0  μg / m L  po l y b r e n e
(Mil li pore ). O n day 2 th e med ium wa s re pla ced wi th iP SC me diu m.
Table 1
Identiﬁcation of Chinese hamster-induced pluripotent stem cells.
Classiﬁcation Test Result Data
Morphology Photography Similar to mouse ESCs: smooth, refractile deﬁned colony borders and a compact internal
architecture comprised of small, tightly packed round cells
Fig. 1B
Phenotype NANOG expression: infecting CHiPSCs-B with a
lentivirus wherein GFP is driven from a Nanog
promoter
Cells had an active Nanog promoter CFig. 1
AP staining Positive for AP staining DFig. 1
Immunocytochemisty Positive for pluripotency markers: SSEA1 EFig. 1
The expression of endogenous pluripotency marker
genes (qRT-PCR)
The expression of Oct4, Sox2, Klf4, and c-Myc were evident, additionally, Gdf3, Tdgf1
(embryonic stem cell markers), Esrrb, Lin28a, Sall4 (transcription factors), Dppa4, Fgf4, Podxl1
and Podxl2 (pluripotency) were all up-regulated in CHiPSCs-B compared to CHEF
Epigenetic
state
Bisulﬁte genomic sequencing of the promoter region
of Oct4
The genomic segment from CHiPSCs-B was highly unmethylated (23.9% methylated)
compared to CHEFs (47.5% methylated)
Fig. 1G
Genotype Karyotype (G-banding) A normal 22,XY karyotype HFig. 1
Differentiation
potential
EBs formation Transcript analysis showed that the EB formed from CHiPSCs-B expressed marker genes of all
three germ layers, including Ncam1 (ectoderm), Pax6 (ectoderm), (mesoderm),Brachyury 
Msx1 (mesoderm), Epcam (endoderm), Afp (endoderm) and Sox17 (endoderm)
Fig. 1I
Teratoma formation Neurectodermal tissues comprised the majority of the terato ma and consisted of primitive
neural tissues characterized by formation of neural rosettes and cords of small polyhedral
cells typical of neural progenitors which were positive for β-3 tubulin. Other regions showed
more mature central nervous system-like structures. Multiple sites of cartilage differentiation
were present which represent a mesenchymal lineage. Endodermal differentiation was
demonstrated by the presence of tubular structures which were lined by cuboi dal to
columnar epithelial cells and which were positive for wide-spectrum cytokeratins (wsCK).
The epithelium also contained cells with clear vacuoles consistent with mucus-c ontaining
goblet cells. Also noted was the absence of β-3 tubulin immunoreactivity in cells
Fig. 1J
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Tra nsduc ed CHEFs w ere s ub cult ure d ont o ME Fs on d ay 3 a nd col o-
n i e s  w i t h  c o m p a c t  E S - l i k e  c e l l s  w e r e  m e c h a n i c a l l y  p i c k e d  u p  b e -
t w e e n  d a y  1 0  a n d  1 4 .
AP staining and ﬂuorescent immunochemistry
AP staining was performed using the Leukocyte AP kit. CHiPSCs were
ﬁxed with 10% formalin (Sigma-Aldrich) in PBS and stained with anti-
body against SSEA1 following 647-conjugated donkey anti-mouse IgG
as secondary antibody, and Hoechst 33342 (1 mg/mL, Invitrogen) as nu-
clei counter stain.
Real-time quantitative reverse transcription PCR
T o t a l  R N A  w a s  p r e p a r e d  f r o m  c e l l s  u s i n g  c o m m e r c i a l l y  a v a i l -
a b l e  k i t s  f o l l o w i n g  th e  m a n u f a c t u r e r ' s  i n s t r u c t i o n . q R T - P C R  w a s
p e r f o r m e d  t o  a n a l y z e  t h e  e x p r e s s i o n  o f  p l u r i p o t e n t  g e n e s  i n  a
B i o - R a d  C F X  C o n n e c t™ r e a l - t i m e  P C R  d e t e c t i o n  s y s t e m  u s i n g  a
P o w e r  S Y B R ®  G r e e n  R N A - t o - C T™ 1 - S t e p  K i t  ( A B I  4 3 9 1 1 7 8 )
( T a b l e  1 ) .
Bisulﬁte genomic sequencing
T h e  g e n o m i c  D N A  s a m p l e s  w e r e  i s o l a t e d  a n d  b i s u lﬁt e - t r e a te d
w i t h  c o m m e r c i a l ly  a v a i l a b l e  k i t s  ( T a b l e  2 ) .  A f t e r  s u c c e s s f u l  b i s u lﬁt e
P C R  a m p l iﬁc a t i o n  o f  t h e  O c t 4  p r o m o t e r  r e g i o n  ( p r i m e r s  l i s t e d  i n
T a b l e  2 ) ,  t h e  a m p l i c o n  w a s  c l o n e d  i n t o  t h e  p M D 1 9  T - v e c t o r
( C l o n t e c h ) .  A t  l e a s t t e n  r a n d o m l y  s e l e c t e d p o s i t i v e  c l o n e s  f r o m
eac h sam ple (3 2 an d 24 cl one s for C HEF a nd CHi PS Cs-B , res pec ti vely )
were p ic ked-u p and s equ enc ed.
In vitro differentiation
To form EBs, CHiPSC-B was detached from culture plates as single
cells by using 0.05% Trypsin-EDTA and transferred to an ultra-low at-
tachment Petri dish in differentiation medium according to the previous
report (Chang et al., 2009).
In vivo differ entiation
Two-month-old NOD/SCID mice (Charles River) were intramuscu-
larly injected with 1–4 × 106 cells for teratoma assay. After six to nine
weeks tera tomas were di ssected a nd ﬁxed with 10% formalin, then em-
bedde d in para fﬁn. Secti ons of 4-μm th icknes s were stained with
haematoxylin and eosin solution.
Cytogenetic analysis
Cells were treat ed with colc emid, then harvest ed according to sta n-
dard methods. The resulting metaphase cells were evaluated by G-
banding. Minimum of 20 metaphases for each sample were examined
with regard to chromosome number and structural rearran gements per-
formed by the Cytogenomics Shared Resource in the University of
Minnesota.
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Table 2
Antibodies, kits, and primer sets used in this study.
Antibody Dilution Company Cat # and RRID
Pluripotency Markers Mouse anti- stage-speciﬁc embryonic antigen 1 (SSEA1) 1:100 R and D Systems Cat# MAB2155, RRID: AB_358058
Secondary antibody 647-conjugated donkey anti-m ouse IgG 1:1500 Thermo Fisher Scientiﬁc Cat# A-31571, RRID:AB_16254 2
Teratoma analysis Rabbit anti- β-3 tubulin antibody 1:500 Abcam Cat# ab18207, RRID:AB_444319
Teratoma analysis Rabbit antibody against wide spectrum cytokeratin 1:4000 Dako Cat# Z0622, RRID:AB_2650434
Kits
Kits Company
qRT-PCR reaction RNeasy micro/mini Kit Total RNA puriﬁcation QIAGEN
Bisulﬁte genomic sequencing DNeasy Blood & Tissue Kit Genomic DNA puriﬁcation QIAGEN
EZ DNA Methylation-Gold™ Bisulﬁte modiﬁcation Zymo
AP staining Leukocyte AP kit Chemical staining Sigma-Aldrich
Primers
Target Forward/Reverse primer (5′-3 )′
Pluripotency Markers (qPCR) CgPou5f1 GATCAGCTTGGGTTGGAGAA/CGTTGGGTATAGTCGGTACTTG
Pluripotency Markers (qPCR) CgSox2 TGAAGGAGCACCCGGATTAT/TCCGGGAAGCGTGTACTTAT
Pluripotency Markers (qPCR) CgKlf4 GAGGAGCCCAAACCAAAGA/GGTGTGCCTTGAGATGAGAA
Pluripotency Markers (qPCR) CgMycn GAAGATGACGAGGAGGAAGATG/CAGTGATGGTGAAGGTGGTAA
Pluripotency Markers (qPCR) CgNanog GACTCTGCGTTTGTGGAGTAT/TCTGGTTGCTCCAAGTGTTAG
Pluripotency Markers (qPCR) CgCDH1 TATCCTTGATCCAGACCTTCCTCCC/TCACACACAATGATGTCCAGCGTGG
Pluripotency Markers (qPCR) CgFgf4 TTACAACGCCTACGAATCCTAC/CACAGTCTAGGGAGAAAGTGTG
Pluripotency Markers (qPCR) CgPodxl1 CCTTCTGAGATGCAGGAGAAA/CATCTAGGTCATCCTTGGTCAG
Pluripotency Markers (qPCR) CgPodxl2 GAGATTGGCATCCAGAACTACTC/GATCACCAGCACCACAAAGA
Pluripotency Markers (qPCR) CgGdf3 GCAGCAGACGGAAGAATTTG/GGCATGAAGAGAACGGATGA
Pluripotency Markers (qPCR) CgTdgf1 TCTGTCCTCCACGGTAACT/GACCATCACAGCCAGGTAAA
Pluripotency Markers (qPCR) CgEsrrb CAAGAGGCTCAAGGTAGAGAAG/AGCCTCTAGGTCCTCAAAGTA
Pluripotency Markers (qPCR) CgLin28a GAGGCGGTAGAATTCACCTTTA/GCTCACTCCCAATACAGAACA
Pluripotency Markers (qPCR) CgSall4 GGGCATGGACTCTATCCTTTAC/CATTGGTGTTGGCCACTTTG
Pluripotency Markers (qPCR) CgDppa4 AGGTACCAATTCCTCCTCTACC/TTGCTGCTCAGCTTCATCTC
House-Keeping Genes (qPCR) CgActb GTCGTACCACTGGCATTGTG/AGGGCAACATAGCACAGCTT
Bisul TAAGGTTTGGAGGATTGAGTATGGAG/AAAAACTACRAACACCCTAAAAAAACAACCﬁte PCR CgPou5f1 promoter 
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